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WKHLUSURGXFWLYLW\ZKLOHPDLQWDLQLQJWKHUHTXLUHGTXDOLW\RIPDQXIDFWXUHGSURGXFWV%'XWWDHWDOO,QWKLV
UHVSHFW WKH PRVW SURPLVLQJ WHFKQRORJ\ LV D KLJKVSHHG ODVHU GLUHFW GHSRVLWLRQ +6'/'  ,W DOORZV WR UHDOL]H
KHWHURSKDVHSURFHVVGXULQJWKHPDQXIDFWXULQJZKLFKWKHUHLVSURFHVVRISDUWLDOPHOWLQJRISRZGHUWDNHVSODFH9
*OXNKRY HW DOO  7KH WUDQVLWLRQ WR VXFK WHFKQRORJLHV ZRXOG HOLPLQDWH WKH WHFKQRORJLFDO F\FOH RI WKH
LQWHUPHGLDWH RSHUDWLRQV ZKLFK VLJQLILFDQWO\ LQFUHDVH WKH SURGXFWLYLW\ RI WKH PDQXIDFWXUH GHWDLOV ZLWK FRPSOH[
VKDSHVDWOHVVPDWHULDOHQHUJ\DQGODERUFRVWV
(UJRQRPLFSURGXFWLRQRI FRPSRQHQWV LV HVSHFLDOO\ LPSRUWDQWZKHQKLJKO\ DOOR\HGQLFNHO SRZGHUV DUHXVHG LQ
PDQXIDFWXULQJ1LFNHOEDVHGDOOR\VKDYHDZLGHUDQJHRIDSSOLFDWLRQVXVLQJRIVDPHDOOR\VLVPRVWFRPPRQLQWKH
SURGXFWLRQRIJDVWXUELQHHQJLQHVIRUPLOLWDU\DQGFRPPHUFLDODLUFUDIWPDULQHHQJLQHVDQGJDVWXUELQHSRZHUSODQWV
'*X$OORSHUDWLRQVGXULQJPDQXIDFWXULQJDIIHFWRQVWUXFWXUHDQGSURSHUWLHVRIGHWDLOV
'XULQJWKH+6'/'KLJKVSHHGKHDWLQJDQGFRROLQJSURFHVVHVRFFXUZKLFKLQIOXHQFHRQVWUXFWXUHIRUPDWLRQRI
1LEDVHGDOOR\V)RU LQWHUPHWDOOLFKDUGHQLQJDOOR\VDUHZLGHO\XVHG LQ LQGXVWU\ VXFKSURFHVVHVFDQFDXVH WKHUPDO
VWUHVVHV OHDGLQJ WR FUDFNLQJ 5&5HHG  6 =KDQJ DW DOO 5HVXOWV RI+6'/'SURFHVV IRU1LEDVHG
PDWHULDOVZLWKVROLGVROXWLRQVWUHQJWKHQLQJDUHSUHVHQWHGLQODWHVWZRUNV*$7XULFKLQHWDOO,QWKLVZRUN
UHVHDUFKUHVXOWVIRUQLFNHODOOR\VZLWKLQWHUPHWDOOLFVWUHQJWKHQLQJDUHSUHVHQWHG3URFHVVSDUDPHWHUVRI+6'/'ZHUH
VHOHFWHGDOORZLQJWRUHFHLYHGHWDLOVZLWKKLJKPHFKDQLFDOFKDUDFWHULVWLFVDQGZLWKRXWFUDFNV

0DWHULDOVDQGUHVHDUFKPHWKRGLF
([SHULPHQWDOVWXGLHVRI+6'/'SURFHVVHVZHUHFDUULHGRXWDWWKH,QVWLWXWHRI/DVHUDQG:HOGLQJ7HFKQRORJLHV
63E38 ,/:7 XVLQJ H[SHULPHQWDO VHWXS EDVHG RQ N: ,3* ILEHU ODVHU</6 '&1&PDFKLQH 6XOW]HU
0HWFR7ZLQ&SRZGHUIHHGHUDQG+LJK<$*%,02SURFHVVLQJKHDG)LJXUH
)LJ([SHULPHQWDOVHWXSIRUGLUHFWPHWDOGHSRVLWLRQD±HTXLSPHQWE±VKFHPH

$OOH[SHULPHQWDOZRUNVDUHEDVHGRQWKHRUHWLFDOVWXGLHVZKLFKZHUHSURYLGHGLQ,/:7*7XULFKLQDWDOO
*$7XULFKLQ DW DOO  /DVHU SRZHUZHUH UDQJHG LQ WKH   N:*DVSRZGHU MHW VWXGLHG VHSDUDWHO\ DW
DQRWKHUH[SHULPHQWDOVHWXSHTXLSSHGZLWKKLJKVSHHGPRQRFKURPHFDPHUD&LWLXV&HQWXULQR&KLJKUHVROXWLRQ
PRQRFKURPH FDPHUD %DVOHU DF$JP OLJKWHQLQJ GHYLFH EDVHG RQ :  QP GLRGH ODVHU DQG ODVHU OLQH
JHQHUDWRU([SHULPHQWDXWRPDWLRQZDVGRQHLQ/DE9,(:SURJUDPPLQJHQYLURQPHQW6LGHDQGFRD[LDOQR]]OHV
RI GLIIHUHQW GHVLJQ IRUPHG JDV SRZGHU MHWV ([SHULPHQWDO DOOR\ 1L&R&U0R:$O7L1E LWK LQWHUPHWDOOLF
KDUGHQLQJ ZDV XVHG )UDFWLRQDO FRPSRVLWLRQ RI  PLFURQV WKH VKDSH RI WKH SDUWLFOHV ZDV VSKHULFDO
0HWDOORJUDSKLF VWXGLHVZHUH FDUULHG RXWRQPLFURVFRSH'0, /HLFDZLWK7L[RPHW VRIWZDUH5HVHDUFKHVRI
FKHPLFDO FRPSRVLWLRQ DQG FKHPLFDO HOHPHQWV GLVWULEXWLRQ ZHUH PDGH RQ VFDQQLQJ HOHFWURQ PLFURVFRSH 3KHQRP
3UR; 0LUD 7HVFDQ DQG /LUD 7HVFDQ PLFURVFRSHV XVLQJ FRQVROH 2[IRUG ,1&$ :DYH  )RU GHWHUPLQLQJ RI
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PHFKDQLFDOSURSHUWLHVVDPSOHVZHUHWHVWHGRQXQLD[LDOWHQVLRQXVLQJXQLYHUVDOWHVWLQJPDFKLQH=ZLFN5RHOO=
$OOURXQG
([SHULPHQWDOUHVXOWV
$V D UHVXOW RI WKHRUHWLFDO DQG H[SHULPHQWDO LQYHVWLJDWLRQV VDPSOHV RI GLIIHUHQW JHRPHWU\ZHUH SUHSDUHG XVLQJ
FRD[LDOQR]]OHDQGVLGHQR]]OHILJXUH


)LJDEF6DPSOHVZHUHSUHSDUHGXVLQJ+6'/'WHFKQRORJ\RI,/:7

6DPSOHVIURPQLFNHOEDVHDOOR\1L&R&U0R:$O7L1EZHUHSUHSDUHGE\WZRPHWKRGVFDVWLQJDQGKLJK
VSHHGGLUHFWODVHUGHSRVLWLRQ3URGXFWVDIWHU+6'/'KDYHEHHQKHDWWUHDWHGDW&
7KHDELOLW\RIQLFNHOWRGLVVROYHDODUJHDPRXQWRIRWKHUHOHPHQWVOHGWRWKHFUHDWLRQRIDODUJHQXPEHURIQLFNHO
DOOR\V+.'+%KDGHVKLD7KHLUXVHIXOSURSHUWLHVGXHWRWKHFKDUDFWHULVWLFVRIWKHQLFNHOFDSDELOLW\RI
IRUPLQJ D VROLG VROXWLRQV ZLWK PDQ\ PHWDOV IHUURPDJQHWLVP WKH DEVHQFH RI DOORWURSLF WUDQVIRUPDWLRQV KLJK
FRUURVLRQUHVLVWDQFHLQJDVDQGOLTXLGHQYLURQPHQWVKHDWUHVLVWDQFH2QHRIWKHLPSRUWDQWFKDUDFWHULVWLFVRIQLFNHO
VXSHUDOOR\V  DELOLW\ WRRSHUDWH DW KLJK WHPSHUDWXUHV IRU D ORQJ WLPH -<DQJDW DOO +DUGHQLQJGXH WR WKH
IRUPDWLRQ D FRKHUHQW SKDVH ± LQWHUPHWDOOLF JDPPD SULPH SKDVH 1L$O7L OHDGV WR DOOR\V XQLTXH PHFKDQLFDO
FKDUDFWHULVWLFV&RKHUHQFHRIFU\VWDOVWUXFWXUHVDQGODWWLFHSDUDPHWHUVJDPPDSULPHSKDVHȖ
DQGJDPPDPDWUL[Ȗ
DOORZVKRPRJHQHRXVQXFOHDWLRQRIDSUHFLSLWDWHZKLFKKDVDORZVXUIDFHHQHUJ\DQGH[WUHPHO\ORQJWHUPVWDELOLW\
&RKHUHQFHRIȖ
DQGȖSKDVHVLVPDLQWDLQHGE\WKHWHWUDJRQDOGLVWRUWLRQ8QIRUWXQDWHO\WKHLQFUHDVHLQWKHFRQWHQW
RI JDPPD SKDVH EDU RFFXUVZLWK LQFUHDVLQJ DOXPLQXP DQG WLWDQLXPZKLFK XOWLPDWHO\ OHDGV WR WKH IRUPDWLRQ RI
FUDFNV2$2MRDWDOO7KHVWUHQJWKRIWKHJDPPDSULPHSKDVHLQFUHDVHVZLWKLQFUHDVLQJWHPSHUDWXUHDQGLWV
DKLGGHQSODVWLFLW\GRHVQRWDOORZLWWREHFRPHDVRXUFHRIGHVWUXFWLRQ
,Q WKDW 1LEDVHG DOOR\ JDPPD SULPH SKDVH FDQ EH JHQHUDWHG XS WR  YRO2Q ILJ WKHPLFURVWUXFWXUH DUH
VKRZQRIWKHDOOR\LQWKHFDVWFRQGLWLRQ




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
)LJ0LFURVWUXFWXUHRIFDVWVDPSOHV

,QFDVWFRQGLWLRQWKHVL]HRIWKH1L$O7LLQFOXVLRQVLQWKHGHQGULWHVDQGLQWHUGHQGULWLFDUHDVQPDQG
QP UHVSHFWLYHO\ $OVR LQ WKH VWUXFWXUH WKH FRDUVH FDUELGHV RI WLWDQLXP QLRELXP DQG PRO\EGHQXP RI YDU\LQJ
PRUSKRORJ\SUHVHQWDQDYHUDJHSDUWLFOHVL]HLVPLFURQV7KHUHDUH WRSRORJLFDOO\FORVHSDFNHGLQFOXVLRQVDQG
R[LGHVZKLFKPD\QHJDWLYHO\DIIHFWRQPHFKDQLFDOSURSHUWLHV
0LFURVWUXFWXUHRIVDPSOHVZKLFKZHUHSURGXFHGE\WKH+6'/'SURFHVVKDVXOWUDGLVSHUVHGVWUXFWXUHILJ
)LJ0LFURVWUXFWXUHRI+6'/'VDPSOHV
D
D
E
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7KHVWUXFWXUHRIWKH+6'/'SURGXFWVLVXOWUDILQHGLVSHUVHGFDUELGHVL]HOHVVWKDQPLFURQVWKHUHDUHQRKDUPIXO
LQFOXVLRQV VL]H RI JDPPDSULPH SKDVH OHVV WKDQQP LQWHUGHQGULWLF DUHDV DQG QP LQ GHQGULWV&DUELGHV LQ
QLFNHOVXSHUDOOR\VDUHLPSRUWDQWUHLQIRUFLQJSKDVH7KHLUYDOXHLVWRSURYLGHWKHQHFHVVDU\VWUHQJWKSURSHUWLHVRIWKH
DOOR\V DW WHPSHUDWXUHV DERYH WKH VROXELOLW\ OLPLW LQWHUPHWDOOLF Ȗ
SKDVH 7KH LQIOXHQFH RI FDUELGH KDUGHQLQJ LV
FRPSOH[QDWXUH7KH\VWDQGDORQJWKHJUDLQERXQGDULHVRULQVLGHWKH\SUHYHQWWKHUHFU\VWDOOL]DWLRQWHPSHUDWXUHDQG
LQFUHDVLQJSHUIRUPDQFHRIWKHVHDOOR\V7KH\DOVRVWDQGRXWRQGLVORFDWLRQVGXULQJFUHHSIUHH]LQJWKHLUPRELOLW\2Q
WKH RWKHU KDQG VWDQGLQJ LQ DQ XQIDYRUDEOH URXJK IRQW RU VKDSH WKH\ FDQ OHDG WR ORZHU IUDFWXUH UHVLVWDQFH 7KH
TXHVWLRQRIZKHWKHUFDUELGHKDUGHQLQJQLFNHOVXSHUDOOR\VUHPDLQVFRQWURYHUVLDO%XW WKHH[LVWHQFHRIWRSRORJLFDOO\
FORVH SDFNHG SKDVHV LQ WKH FDVW VWDWH /DYHV SKDVH ZLOO GHILQLWHO\ KDYH D QHJDWLYH HIIHFW RQ WKH PHFKDQLFDO
FKDUDFWHULVWLFV ,Q +6'/' VDPSOHV WKH VDPH SKDVHV DUH QRW GHWHFWHG 2Q WKH ILJ  JDPPD SULPH SKDVH FDVW
FRQGLGLWLRQDQG+6'/'FRQGLWLRQLVUHSUHVHQWHGIRUFRPSDULQJ


)LJ6WUXFWXUHRIJDPPDSULPHSKDVHLQFDVWDDQG+6'/'FRQGLWLRQE

)RUDOOVDPSOHVTXDQWLW\RIȖ¶SKDVHLQWKLVDOOR\LVYROYRORIFDUELGHV3UREDEO\WKHVDPHVL]HRI
FRKHUHQWSKDVHDOORZVWRDFKLHYHKLJKHUPHFKDQLFDOFKDUDFWHULVWLFV)RUPDWLRQRIILQHJDPPDSULPHSKDVHGXHWRWKH
KLJKVSHHGRISURFHVVRIKLJKVSHHGGLUHFWODVHUGHSRVLWLRQ6XFKILQHO\GLVSHUVHGVWUXFWXUHVKRXOGKDYHDSRVLWLYH
HIIHFWRQWKHPHFKDQLFDOSURSHUWLHVRIWKHDOOR\)LJXUHVKRZVWKHDYHUDJHUHVXOWVRIPHFKDQLFDOWHVWVIRU+6'/'
VDPSOHV+6'/'KHDWUHDWPHQWDQGFDVWVDPSOHV










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
)LJ0HFKDQLFDOSURSHUWLHVRIVDPSOHVSUHSDUHGIURPH[SHULPHQWDODOOR\

7KHWHQVLOHVWUHQJWKRID+6'/'VDPSOHVVKRZLQFUHDVLQJRQDQGHORQJDWLRQWLPHVKLJKHULQFRPSDULQJ
ZLWK FDVW VDPSOHV %HFDXVH RI XOWUDILQH VWUXFWXUH JDPPD SULPH SKDVH LQ GHSRVLWHG VDPSOHV IRUPHG LQ QDQRVFDOH
GLPHQVLRQ 6XFK IRUPDWLRQ RI LQWHUPHWDOOLF 1L$O7L LQ VROLG VROXWLRQ SRVLWLYHO\ DIIHFW WR WKH PHFKDQLFDO
FKDUDFWHULVWLFVRIWKHSURGXFHGVDPSOHVDQGFDXVHVWKHPWRULVH0RUHRYHULWZDVIRXQGWKDWIUDFWXUHRIFDVWVDPSOHV
LVEULWWOHIRU+6'/'VDPSOHVLVGXFWLOHILJ

)LJ)UDFWXUHRIFDVWVDPSOHDDQGGHSRVLWHGVDPSOHE

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&RQFOXVLRQV
7KH WHFKQRORJ\RIKLJKVSHHG ODVHUGLUHFWGHSRVLWLRQDOORZV WRPDNHSURGXFWVRIQLFNHO DOOR\VZLWKDFRPSOH[
V\VWHPRIDOOR\LQJ$VDUHVXOW WKHVDPSOHVKDYHD ILQHVWUXFWXUH WKHUHDUHQRKDUPIXO LQFOXVLRQVJDPPDɡɤɲɶɭ
SKDVHVL]HOHVVWKDQQP0HFKDQLFDOSURSHUWLHVRIUHFHLYHGSURGXFWVDUHPXFKKLJKHUWKDQWKHFKDUDFWHULVWLFVRI
WKH FDVW VDPSOHV 7KH GHYHORSPHQW RI VXFK WHFKQRORJLHV LV SDUWLFXODUO\ LPSRUWDQW IRU WKLV W\SH RIPDWHULDO 7KLV
WHFKQRORJ\FRXOGEHXVHGIRUDQDORJVRIGHYHORSHGDOOR\±KLJKGRSHGDOOR\VOLNH5HQH11
7KH UHVHDUFK UHVXOWV VKRZHG WKDW GHYHORSHG KLJKVSHHG GLUHFW ODVHU GHSRVLWLRQ WHFKQRORJ\ FDQ UHSODFH WKH
FXUUHQWO\ XVHG WHFKQRORJLHV SURYLGLQJ PXOWLSOH LQFUHDVH SURGXFWLYLW\ DQG PDWHULDO VDYLQJV LQ VSLWH RI LWV
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